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INTRODUCTION
It is the purpose of this thesis to determine from a review of the literature, the mechanism involved in the production
and development of a condition knovm as paralytic ileus, and to
present the rationale of treatment on that basis.

Most of the

evidence presented .will be confirmatory in nature.
A short discussion of the physiology of the intestinal
tract will be ta.ken up first to provide a background.

Next

will be presented an outline of the various conditions in which
e. condition of paralytic ileus may bee. secondary development.
The most important of these will then be discussed on the be.sis
of the mechanism involved.

Both experimental evidence and

clinical evidence including treatment will be used.
In order to make a discussion of treatment more complete
the effects of the paralytic ileus upon the patient will be
reviewed, using age.in both experimental and clinical evidence.
Lastly, the rationale of treatment

including e. mention of

the treatment of the underlying cause, the treatment of the effects
of the paralytic ileus, and the treatment of the inactive bowel
in the paralytic ileus will be considered.

This discussion will

be based upon the above material to be presented, and experimental
and clinical evidence obtained from the literature.

The Mechanism and Treatment of Paralytic Ileus
An understanding of the physiology of the intestine is

necessary in a consideration of the mechanism and treatment of
paralytic ileus.
The movements of the small intestine are characterized by
three types.

They are:

peristaltic waves, segmenting contrac-

tions, and pendular movements.

The peristaltic wave is a con-

traction of the bowel which usually progresses in an abora.l
direction at an average rate of ten (10) centimeters a. second.
The length traveled by any such wave varies with the general
state of bowel activity, and the strength of the stimulus
initia.tinG it.

Such peristaltic waves carry the intestinal con-

tents for varying distances a.long the bowel.

Best

&

Taylor (1939)

The segmenting contractions consist of contractions of the
circular muscle of the bowel wall, giving rise to simple constrictions of the intestine.

These constrictions do not travel along

the bowel and cause practically no movement of the contents.
They may be observed to appear simultaneously and a.re spaced vnth
some regularity along the bowel.

The groups recur at the rate

of twenty to thirty (20-30) per minute and divide the intestinal
contents into many small sections.

This process is repeated

rhythmically and serves to thoroughly mix the intestinal contents
with the intestinal juices.
The pendular movements are due to rhythmic contractions
affecting the longitudinal and circular muscles simultaneously.
They recur

about ten to twelve (10-12) times a minute and travel
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in a "to a.nd fro" fa.shiori. a.long the intestine e.t the rate of two
to five (2-5) centimeters a second.

These movements have the

effect of carrying the contents of the intestine alternately
from one end of a loop of bowel to the other.

Bayllis

&

Starling

(1899)

The movements of the large intestine are likewise characterized
by three types.

In type one there are rapid rhythmic contractions

and relaxations of the wall of the colon.
of three to eight (3-8) per minute.

These occur at the rate

They occur in the presence

of high or low tone, and are rarely propulsive in nature.

Type

two are slower rhythmic contractions of larger amplitude on whi ch
are superimposed contractions of type one.

The type two contrac-

tions are the ones most frequently seen and a.re propulsive only
when in phase.

Type three contractions consist of tonus changes

or a tonus wave surmounted by type two contractions.
usually less than twelve (12) minutes in duration.

They are
Adjacent seg-

ments of the colon do not show integrated activity during the
largest part of ea.ch period.

The quantity and quality of motility

is subject to variation in the same and different individuals.
Adler, Atkinson

&

Ivy (1941)

There is also a. movement ca.lled mass peristalsis in the colon.
Best & Taylor (1939)

It is analagous to the peristaltic wave in

the small bowel, and occurs at irregular intervals , sweeping the
contents along for quite a distance.
two (2) or three (3) times a day.

It occurs not oftener than

This rush usually starts in the

hepatic flexure and carries the contents to the pelvic colon.

It
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commonly occurs just after the stomach becomes filled with food
and is termed for thai reason the gastro-colic reflex.
The rhythmical contractions of the intestine; that is the
segmenting contractions and pendular movements, are myogenic in
nature.

They are due to the rhythmical contracting power inherent

in the muscle itself.

Bayliss & Starling (1899)

concept is the work of Gunn & Underhill (1914).

Supporting this
They showed that

the isolated circular muscle of the small intestine of the cat,
when it is completely separated from the longitudinal muscle on
one side and the submucosa and mucous membrane on the other,
possesses the power of executing rhythmic novements .

This power

is retained even when the outer layers of the circular muscle
have been removed.

The inner layers, remote from Auerbachs plexus,

still retain the property of spontaneous rhythmicity.
Alvarez & Ma.honey (1922) gave further evidence to the myogenic
nature of rhythmic contractions.

They used the inner one-half(½)

of the circular mus cle of a dog's intestine which had been
stripped off and which contained no nerve plexus.
rhythmic contractions were seen.

In all instances

They also showed, with a delicate

galvanometer, that rhythmic action currents a.re developed in segments of the intestine, which, so far as the eye can see, are
absolutely quiet.

Apparently rhythmic chemical processes are con-

tinually going on in the muscles which from time to time cause
physical contractions.
The peristaltic contractions are true co-ordinated reflexes
and are carried out by the local nervous mechanism which consists
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of the myenteric plexus of Auerbach a.nd the submucosal plexus of
Meissner.

These two plexuses are connected by nerve filaments.

Many more ganglion cells are present in Auerbach's than in
Meissner 's plexus.

These peristaltic contractions are independent

of the connections of the. intestine to the central nervous system.
They travel in only one (l) direction, aborally, and are abolished
by paralyzing the local nervous mechanism using nicotine or cocaine.
The production of the true peristaltic wave is dependent on the
unvarying response of the intestinal nervous mechanism to local
stimulation.

This is stated in the law of the intestine:

"Local

stimulation of the intestine produces excitation above, and
inhibition below, the excited spot. 11

Every point of the intestine

is therefore subject to opposing influences transmitted to it along
its wall.

That is, inhibitory impulses are transmitted from below

and augmentory or excitatory impulses from above.

The activity

of the intestinal muscles at any one time will depend on the
relative influence of these two (2) sets of impulses.

Bayliss &

Star-ling (1899)
In rabbit experiments Bayliss

&

Starling (1901) showed that

with both vagi sectioned and the spinal cord cut at the level of
the fourth dorsal vertebrae, rhythmic contraction movements were
well marked and true peristaltic waves were often seen at various
points .

Y/hen a bolus of cottonwool and vaseline was inserted into

the intestine it was rapidly driven alon~ in a caudal direction.
Best~ Taylor (1939) believe that peristaltic contractions
are dependent upon the intrinsic nerve plexuses, but are markedly
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influenced by the control of the extrinsic nerves.
fibers are inhibitory.

The sympathetic

They pass almost entirely in the lesser

spla.nchnic nerve to the lower part of the celiac ganglion and to
the superior mesenteric ganglion .

Here synapses occur and the

post-ganglionic fibers pass directly to the intestine, going
through the plexuses of the bowel wall to end in direct relationship to the muscle cells.

These fibers exert a continuous in-

hibitory effect upon peristalsis.

The vagus nerves do not exert

such a continuous effect upon bowel activity, and if they a.re
resected there is no apparent effect.

Section of the splanchnic

nerves, on the other hand, will serve to stimulate intestinal
peristalsis by removing the constant inhibatory action they have.
Alvarez (1929) advanced the following theory concerning the
regulation and control of intestinal motility.

It is called the

metabolic gradient theory and is mentioned only to make an
explanation of intestinal physiology more complete, even though
it is not, as is shown by its common absence from the literature,
generally accepted.

He showed that after section of all extrinsic

nerves the intestine continued to show its characteristic activity.
The mechanism for this, he believed, is built directly into the
bowel ·wall which shows "polarization."

That is, polarization

enables the peristaltic wave to travel in the aboral direction
quite consistently.

This polarization is the result of gradients,

the forces of which are graded from the duodenum to the ileum.
There are graded differences in irritability, rhythmicity, tone,
latent period, muscular strength and metabolic rate.

Thus, any
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condition which raises the gradient of the ileum will reverse the
forces so that food is transported caudad from the stomach no
better than it is normally transported ora.d.
gives a proposed law:

On this basis he

" Irrit at i on of the bowel at any point tend~

to hold back material comi ng down from above , and tends to hasten
the progress of material that has passed that point. "
It seems to be quite generally accepted that the fundamental
physiology controlling intestinal motility is divided into two (2)
distinct parts.

The rhythmic contractions , which consist of

segmenting contractions and pendular movements a.re purely myogenic
in nature and function independent of the intrinsic nervous system
of the bowel and are under no control of the extrinsic nerves .
The peristaltic waves, on the other hand, do not function independently of the intrinsic nerves, but require them for their mediation.

These waves a.re also under the influence of the extrinsic

nerves.

The splanchnic nerves exhibit a continuous inhibitory

effect upon intestinal motility, and the vagus nerves exhibit a
motor effect which is not continuous, but is manifest only with
vagus stimulation.
An outline of the causes of paralytic ileus will next be given

and the most important of these will be discussed on the basis of
the mechanism involved in the production of the ileus.

Both

experimental and clinical evidence including treatment will be used.
Before the conditions which gi ve rise to paralytic ileus a.re
taken up, it is well to give first a definition of paralytic ileus:
"It is a pathologic syndrome characterized by disorganization and
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impairment of the motor function of the gastro-intestine.l tract,
sometimes resulting in complete cessation of motor activity with
c onsequent functional obstruction e.nd blood chemistry changes
peculiar thereto. 11

Stout (1943)

Many disagree with the term

Paralytic ileus on the grounds that the bowel is not actually
para lyzed but only inhibited, preferring the term inhibition
or a dynamic ileus.

In keepini; with the long usage of the older

term, paralytic ileus, it will be used throughout t his paper , e.nd
will be used in licht of t he above definition .
There a.re a. host of conditions in which paralytic ileus may
be a complication.

The following outline by Ochsner

&

Gage (1933)

is such a classification:
I.

Intra-abdominal Ce.uses

A..

Peritoneal Irritation
l.

2.

Traur.iatic
a.

Post-operative conditions

b.

Penetratin~ wounds of any nature

Bacterial
a..

3.

Peritonitis of e.ny bacterial etiology

Chemical
a.

Extravasation of blood

b.

Perforated peptic ulcer

c.

Bile peritonitis

d.

Acute pancreatitis

8.

B.

Vascular Changes
l.

2.
C.

II.

Strangulation
a..

Intra-mural.
ileus

Distention following mechanica l

b.

Extra-mural.
vessels

Compression of the mesenteric

:Jesenteric Thrombosis

Extra-peritoneal Irritation
1.

Hemorrhage

2.

Infection

3.

Renal

Extra-abdominal Ca.uses
A.

B.

Toxic
1.

Pneumonia.

2.

Uremia.

3.

Empyema

4.

Systemic infection

neurogenic
l.

Injuries and diseases of spinal cord

2.

Lead poisoning

3.

Fracture of lower ribs , with irritation of the
splanchnics

Another subheading of extra-abdominal causes which should
probably be included in the above outline is that involving
anaesthetic a.gents which are employed in general anaesthesia.
The most important of the above clinical conditions which are
seen to be a ca.use of paralytic ileus will now be taken up on the
basis of the mechanism involved.
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Ochsner (1935), says that every patient whose peritoneun has
been opened develops a paralytic ileus which is the result of
mechanical trauma by the incision, manipulation of the intestine
and retraction upon the peritoneum.

The severity and duration of

the ileus, he believes, is proportional to the injury sustained
by the peritoneum, and without actual peritonitis and continued
irritation usually lasts from six (6) to twenty-four (24) hours.
This he terms a "physiological" ileus.

Stout (1943) believes

that paralytic ileus is not a primary condition, but a complication
and does not occur separately from traume.tism to the peritoneum or
some pathological condition of the peritoneum, and that the peritoneal irritation resulting from operative trauma is the most
common cause of the condition.

Levis

&

Aicelman (1936) likewise

believe that the condition of paralytic ileus in most cases is a
direct or indirect sequela of surgical interference in the
abdominal cavity.
.Stout (1943) is of the opinion that the mechanism underlying
paralytic ileus in these cases is an initial nervous system reflex
which causes atony of the bowel musculature.

This is followed by

other abnorria.l changes which result in the complete syndrome.

It

is the result of a preponderant sympathetic or thoraco-lumbar
activity, mediated through the splanchnic nerves.
There is a great deal of evidence to support this theory of
reflex inhibition as the mechanism producing paralytic ileus in
oases not involving vascular changes in the bowel v.ra.11.
The effect of exposure of the intestines to the air in experi-
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mental animals was studied by Cannon

&

Murphy (1906).

Ether was

used as the anaesthetic and the abdominal wall was opened,
exposing the intestines to the air for one-half (½) hour.

They

noted that the serosa became dry and lost its glistening appearance.
At the end of that time a potato-bismuth mixture ·was fed and
intestinal motility observed by means of the flouroscope.

There

was no delay in the emptying time of the stome.ch, but the emptying
time of the intestine was delayed about twice as long.

Similar

results• however• were obtained by etherization of the animals
a.lone.

These authors went further in their experiments to show

the effects upon intestinal motility from handling of the intestines,
much as would occur in a laparotomy in :man.

They opened the

anim<lls under ether and gently fingered the intestines in warm
saline for one-half(½) hour.

The abdomen was then closed and

the animals fed the barium mixture.

It was found that no food

left the stoma.ch for three (3) hours, a.nd tha.t passage of food
through the intestine was delayed five (5) times that of normal.
Ochsner, Gage

&

Cuttin6 (1928) produced a mild or physiologic

ileus in dogs by opening the peritoneal cavity and exposing the
intestines to the trauma of moderate handling.

They noted a

marked decrease in peristaltic activity which is characteristic
of paralytic ileus.

Splanchnic anaesthesia was then performed on

these dogs according to the technique of Kappis.

This is done

by the use of novocaine and produces a block of the splanchics

alone, not involving the spinal cord.

In a short time a very

marked increase in peristaltic activity was noted.

In another
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group of dogs a balloon was passed into the intestine and hooked
to a tambour to give a tracing of the peristaltic activity as
occurred in the physiological ileus .

Splanchnic anaesthesia was

again performed in the same manner and within a few minutes both
the tone and peristalsis were markedly increased.

In five other

doge they produced a chemical peritonitis by the injection of
iodine into the peritoneal cavity.

They found that if splanchnic

anaesthesia were done within two (2) or three (3) minutes a.f'ter
injecting the iodine the effect produced by the anaesthesia was
delayed and reduced.

If, however, the anaesthesia were done later,

the paralytic ileus produced by the peritonitis was relieved in
all cases.

In view of these results in treating experimental

ileus , it seems that at least certain cases of paralytic ileus
occurring as a result of peritoneal irritation are due to a
reflex inhibition of intestinal motility.
Markowitz

&

Campbell (1927) studied the effects of spinal

anaesthesia using novocain on dogs in which they had produced
a paralytic ileus.

Three (3) different procedures were used to

produce the ileus.

In one (1) group a solution of iodine was

injected into the peritoneal cavity producing a chemical peritonitis.
In another group, paralytic ileus was induced by intra-abdominal
manipulation through rubbing the parietal and visceral peritoneum
with gauze, or through stripping the intestines between the fingers.
In the third group, a more mild paralytic ileus was produced from
opening the peritoneal cavity alone.

In all of these cases
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intestinal motility wa.s restored to normal almost immediately
following the administration of the spinal anaesthetic,

This

evidence suggests strongly that the mechanism of paralytic ileus
in cases of peritoneal irritation is one of reflex inhibition of
the intestine through the splanchnic nerves.
Arai (1922) produced a peritonitis in cats by injecting
Lugol's solution and cultures of pathogenic bacteria.

In both

cases he noted that peristaltic activity vra.s powerfully inhibited,

In

one (1) group he divided the spla.nchnic nerves before the peritonitis was produced, and noticed that the paralytic ileus still
developed.

In another group he divided the splanchnics after the

peritonitis and paralytic ileus were produced and also noticed
that there was a prompt return of peristaltic activity,

In a

third group of cats the same author produced a paralytic ileus by
manipulation of the small intestine for one-half(½) hour.

He

noted that peristaltic waves of both the stomach and intestine
were absent for several hours afterwards.

As always occurs, how-

ever, the rhythmic contractions continued as normal.

In still

another group of cats he removed the solar plexus and then produced
a peritonitis as in the first experiments.
was inhibited only very sli ghtly,

In these cats peristalsis

Arai concludes that the mechanism

of paralytic ileus is probably through reflex inhibition since in
the second group of cats the stomach was not handled, yet its
activity ceased as much as did that of the intestine,

He believes

that the reflex inhibition may be either a. true reflex or an axon
reflex through the solar plexus.

13.

Ochsner. Gage & Cutting (1930) reported results obtained
frOII a series of seTeaty (70) dogs using splanchnic a.nd spinal
anaesthesia in which a condition of paralytic ileus ha.d been
produced by laparot•Y•
tracings.

All the data were recorded by lcymographic

Eighteen-hundredths (0.18) to three-tenths (0.3) gms.

of sodiwa phenobarbital per Kg. of body weight was used as the
,

anaesthetic and fts adm.nist:ered through a stomach tube.

In the

first group splanchnic anaesthesia was performed with nicotine
which acts specifically to block the synapse of the sympathetic
nerves.
area.

One (1) llinim of nicotine was injected into the splanchnic
The results obtained were not at all constant.

In the

second group of degs, splanchnic anaesthesia was performed using
procaine hydrochloride by the posterior route.

In all cases there

resulted a stimulation of peristaltic actiTity 'Which lasted froa
six (6) to thirty (30) minutes or more.

In the last group of dogs

spinal anaesthesia, which had to be done through a laminectomy,
11&.s perfonaed.

In all cases there also resulted a stimulation of

peristaltic actiTi.ty of about the same degree, but which lasted
on the average a little longer.
The preceding experiaental eTidence is confirmatory of the
theory of paralytic ileus being the result of a reflex inhibition
of intestinal peristalsis mediated through the thoraco-lumbar
nervous system, as seen in cases of peritoneal irritation or actual
peritonitis.
Robb (1932) states that changes in the motor actiTity of the
intestine result from sympathetic activity only.

Also, peritoneal

irritation resulting in a sympathetic excitation can produce the
complex picture of both intestinal spasm and intestinal inhibition.

14.

In general, the increased SJ'JDP&thetio activity tends to immobilize
the bowel to protect the lesions present.

Bisgard, Matson

&

Hirschmann (194:2) believe that complete paralysis of the bowel
occurs in generalized peritonitis and that it is due, in part at
lea.st, to the antagonistic action of the double innervation of
the intestine.

During peritonitis, the thoraco-l'Ullbar nerTous

system shows a preponderance of actiTity and so causes an inhibition of intestinal motility.

Paralytic ileus Da.y be relieved

by spinal anaesthesia which releases the inhibitory action of the
thoraco-lumbar system, leaving the vagi unapposed to initiate
peristaltic activity.
Novilcov (1940) gives the following clinical eTidence in
support of the aboTe theory. , He cites one hundred and thi4.ty-nine
(139) patients with acute intestinal obstruction.

Of these.

seventy-six (76) recoTered after conservative treatment.

This

treatment was the injection of a one-fourth{¼) percent solution
of noTocain into the right or left lumbar region, giving a ri~t
or left luabar block.

From fifty (50) to one hundred (100) cc.

were used depending upon the weight of the patient.

In forty-six

(46) patients the occlusion disappeared after the novocaine
block alone.

After an hour, the abdomina.l pain began to subside,

flatus began to be passed end finally defecation occured.

NovikoT

says that approximately one-third (l/3) of all patients with
acute obstruction do not require surgery, and that of them, those
with paralytic ileus form by fa.r the largest group.

He says
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disturbance ot imlerntion with a predOJD.inant sympathetic
activity is responsible for the ileus, as is sho,vn by its
relief with spinal or splanchnic ana.esthesia.
Eisendrath (1916) showed that stiaulation of the peripheral
end of the cut splanchnics in a dog brings about an inhibition
•

of the intestinal movements.

Adrenalin, which is secreted by

stimulation of the splanchnics, acts upon the intestine in
exactly the same manner.

Likewise, reflex excitation of the

splanchnics may be brought about by any painful stiauli.
explains the ileus of renal origin.

This

The receptors of the

sensory nerTes of the kidney and ureter are stimulated by passage of a stone, or hemorrhage around the kidney.

These impulses

reflexly stimulate the splanchnios with a resulting inhibition
of intestinal motility and tone.
of the intestine.

This in turn causes dilitation

Eisendrath does not know why ileus does not

occur with every case of kidney stone.

It is possible that the

period of stimulation is too short, and that if ileus does occur,
it is most of'ten extremely mild.
Alvarez (1929) has shown that the intestin&l musculature in
cases of paralytic ileus and even in cases of peritonitis is
still capable of contraction, but that it is held in check
through a nervous inhibition.

The evidence for this, he says,

lies in the fact that splanchnio or spin.al block with a suitable
anaesthetic agent will remove this nervous inhibition and allow
the intestine to return more or less to its normal activity.

16.

Wange.nsteen (19'l2) likewise says that in paralytic ileus
there is no actual paralysis of the motor power of the intestine.
He has shown that loops of intestinal musculature obtained froa
experillental animals which had developed an ileus following
peritonitis exhibited a nearly normal contractile power, and
that the reaction to electrical stimulation was nor.mal.

He

further states that this has been borne out by a great deal of
clinical experience using a spinal block in the treatment of
cases of paralytic ileus.
From the above work it becomes apparent that a reflex inhibition of intestinal motor activity mediated through the
splanchnio nerves is responsible, in part at least, for the
development of the condition known as paralytic ileua.

Further

work, but of a different nature will next be discussed in support
of this idea.

It involTes the use of cholinergio drugs, both

experimentally and clinically, which are given with the idea of
stimulating a vagus action in the intestine to overpower the
reflex inhibition of the splanchnica.
Goodman & Gilman (19~1) classify the drugs which stimulate
structures innervated by cholinergio or parasympathetic nerves
as follows:

group one (1) are the choline esters of which there

are acetyloholi•e, acetyl-B-methylcholine, and carbaminocholine;
group two (2) are the inhibitors of cholinesterase of which there
are physostigmine (eaerine) and prostigmine; group three (3) are
the older alkaloids of which there are pilocarpine, arecoline and
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muscarine.

As

has been previously brought out, the vagus is e.

motor nerTe to the intestine causing, when stimulated, increased
motility and tone, increased secretions, and relaxation of the
sphincters.

It belongs to the cranio-sacral division of the

autonomic nenous system.

The aboTe authors have sho?m that

acetylcholine is a chemical mediator liberated at the synapse
between all pre- and post-ganglionic fibers, and also at the
end organs of the post-ganglionic fibers which belong to the
parasympathetic system, or rather of the cholinergio nerTes.
They have likewise shown that when e.cetylcholine is injected into
the body it e.cts directly on autonomic end organs, ganglia and
skeletal muscle.

other esters of choline act in the same •Y•

Physostigmine and prostigmine do not act directly on effecter
organs, but produce their responses through inhibition of cholin-

esterase.

Cholinesterase is normally present which splits acetyl-

choline into choline and acetic acid.

The choline is esti.nated

to be about one hundred thousand (100,000) times as weak as acetylcholine when compared as to vasopressor action.

The older pare.-

sympathomim.etic alkaloids are shown to act directly on effector
cells but not in the same manner as the choline esters.
With this short survey as a background., the action of some
of these drugs, both on the normal and the inhibited bowel of
paralytic ileus, will be taken up as evidence for the theory that
paralytic ileus is the result of a nervous inhibition from the
throaco-lumbar or sympathetic nervous system.

The idea is to use
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cholinergic drugs to overpower the reflex stimulation of the
sympathetics, which is the cause of the paralytic ileus.
Ochsner, Gage

&

Cutting (1930) studied the effects of certain

drugs upon the normal intestine of dogs.

Their methods of study

involved the direct action on isolated portions of the intestinal
musculature, the direct action on isolated portions of the musculature except that which retained its intrinsic nerve supply and
observations upon the intestine through the open abdomen.

They

found that physostigmine showed a consistant effect and never caused
any decrease of either tone or motility, but usually caused a slight
increase.

They likewise found that its action is enhanced in the

presence of paralytic ileus.
Martin

&

Weiss (1925) studied the effects of physostigmine

in clinical oases of paralytic ileus.
into two (2) groups.

They divided their oases

Group one (1) were the non-toxic cases

following laparotomy, surgical shock, early obstruction, or injury
of the central nervous system.
seen in a general toxemia.

Group two (2) were the toxic oases

In all of these cases they did not use

physostigmine unless enemas and gastric lavage failed.

The dosage

given varied from two (2) to eight and six tenths (8.6) mg., depending upon the weight of the patients.

They had fifteen (15) cases

belonging to group two (2) and sixteen (16) cases belonging to
group one (1).

The toxic patients were relieved little or not at

all, while the non-toxic patients were all relieved permanently.
Following injection of the drug, in ten (10) to forty (40) minutes
the patients began to belch and to expel gas from the rectum.

19.

There effects gradually increased until a large volume of gas was
expelled.

They believed that the reason no relief was seen in

the toxic cases , was because there was a mechanism other than
reflex inhibition causing the paralytic ileus.

This was not true

in the non-toxic patients.
Prostigmine, which is seen to act in the same manner as physostigmine, was studied clinically by Levis and Axelman (1936).
They used it on a series of eighty-eight (88) oases.

One (1) cc.

was given every four (4) hours starting on the day of operation
and continuing for two (2) to three (3) days.

In all oases dis-

tention was reduced to a negligable minimum, and peristalsis was
re-established within twenty-four (24) hours.

These cases, of

course, were those of a mild or so-called physiological paralytic
ileus in that they were produced by abdominal operation alone.
Prior to using prostigmine, the authors state that about seventyfive (75) percent of their patients showed distention followed by
quite severe gas pains.
Aesohlman

&

Reinert (1931) used prostigmine methyl sulfate in

one hundred seventy-five (175) cases of abdominal surgery complicated
by paralytic ileus and post-operative distention in a dilution of
one to four thousand (1:4000), giving one (1) cc. f!Very four (4)
hours until it was no longer needed.

In all of the cases relief

of the paralytic ileus was obtained.

They found equally as good

results with physostigmine.
According to Hartman & Dock (1927), choline is normally
present in the muscularis of the bowel, and it mediates the motor
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effect of the vagus nerTes upon the intestine.

It is not absent

from the intestine in cases of paralytic ileus, but the motor
effect is over-balanced by the inhibitory effect of the hyperstimulated splanchnics.

He reports that the intravenous administra-

tion of choline in cases of experimental ileus due to infection,
prolonged anaesthesia or traUDa causes a return of normal peristalsis.
Wolf

&

Chaney (1926) report similar results with the use of choline

for the relief in clinical cases ot paralytic ileus.
One of the processes occurring in all cases of paralytic
ileus is distention of the bowel.

The nature of this distention,

its origin, and its effects will be taken up later.

It is neces-

sary at this time, however, to consider just how the distention
will effect the motor activity of the intestinal tract, and to
determine what part it will play in the mechanism of the development of paralytic ileus.
Ochsner & Gage (1933) feel that as a result of the increased
intraluminal pressure which develops in cases of paralytic ileus,
the blood vessels within the intestinal wall are compressed and
the blood supply impaired to such a degree that it aggravates the
original condition.

Thus a vicious cycle is formed.

The first

event, however, is the inhibition of intestinal motility which
allows for the development of the distention, and the second event
is the effect of the distention in furthering intestinAl paresis.
Wangensteen (1~2) aays that in the intestine distended with gas
a:f'ter several hours, even the rhythmic contractions cease.

This

is the result 0£ the distention along with its consequent damage

21.

to the bowel wall. and ca:rmot be attributed to a reflex inhibition
since the rhythmic contractions, as seen before. are myogenic in
nature.

Wangansteen further states that "distention of the intes-

tine impairs absorption, and the gas in the intestine, which is
normally carried any as fast as it is formed. continues to
accumulate and a vicious circle ensues."
Bisgard, Matson

&

Hirschmann (1942) have shown clinically

that the Miller-Abbot tube will pass down the bowel of paralytic
ileus just as readily as it will pass down a normal bowel.

They

therefore conclude that in a state or paralytic ileus the stretching of the bowel wall as a result of the distention is in a large
measure responsible for the lack of intestinal motility.

Thus

the distention is relieved as the Miller-Abbot tube progresses
down the intestine which restores the normal motor activity.

It

has also been shown previously that strips of intestinal musculature obtained from experimental cases of paralytic ileus show a
normal response to stimulation.
Abbott(l941) likewise says that the effect of distention
upon intestinal motility is the obliteration or cessation of all
movements which is probably the result of tension on the blood
vessels as they traverse the bowel wall.
This idea has been confirmed clinically in the treatment of

many cases of paralytic ileus by employing suction to an inlying
duodenal tube which relieves the distention and restores normal
intestinal motility.

Abbot & Johnson (1938) used intubation for
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the relief of paralytic ileus in sixteen (16) patients with
failure in only three (3).
returned spontaneously.

In nine (9) cases intestinal function

Wangensteen (l9l2) states that oTer an

eleven (11) year period at the University of Minnesota Hospitals
suction has been widely employed in the treatment of distention,
and that no patient with paralytic ileus has yet had to be subjected
to surgery for its relief.
Nelson

&

Whipple (19-ll) give the following analysis of cases

of acute ileus from the Columbia-Presbyterian surgical clinic.
In 1919-1924 the mortality -was about sixty-six (66) percent.
These patients were given gastric lavage and operated immediately.
In 1932-1937 the mortality -was about thirty (30) percent.

In these

patients continuous duodenal suction was used and the fluid and
electrolyte balance kept up.

In the past two (2) years the mortality

has dropped to around seven (7) percent.

In these patients, in

addition to restoring the fiuid and electrolyte balance, decompression of the entire intestinal tract

1'8.S

affected by using the

Miller-Abbot tube.
The effects of decompression are more widespread than in
restoring intestinal motility alone, and even if the motility
were not inmediately restored by this measure the mortality would
still have gone down considerably.

HoweTer, decompression does,

in a great imny cases, restore normal activity to the intestine
and for this reason it can be said that distention of the inactive
bowel tends to further aggravate the condition, and can thus be
given as part of the mechanism of paralytic ileus.

As has been

said previously, it is a secondary effect and enters into a vicious
cycle.
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There is some work to show that different types of anaesthetic
agents may play a role in the mechanism of paralytic ileus.
Cannon & Murphy (1906) studied the effects of ether alone
upon the gastro-intestinal motility of dogs.

They observed the

effects by means of a flouroscope after having fed a potatobismuth mixture to the dogs before they were anaesthetized.

They

found that there was little or no effect upon the discharge rate
from the stomach, but that there was a delay in the emptying time
of the intestine to about three (3) tu.ea that of normal.
&

Bisgard

Johnson (1939) showed that the tone and activity of the gastro-

intestinal tract was narkedly diminished in two (2) dogs which
were placed in surgical anaesthesia with ether.

There was a

slow return of tone and motility as the dogs regained consciousness.

They also showed that in three (3 ) surgical patients which

were not abdominal, the tone of the gastro-intestinal tract was
:markedly reduced and peristalsis was abolished when they were
placed in the stage of surgical anaesthesia using ether.

The

rhythmic contractions were still present in the ileum but were
decreased in frequency and amplitude.

As

the patients returned

to consciousness, there was a slow return of gastro-intestinal
tone and motility.

At the end of twenty-four (24) hours the

stomach ,vas still in a subnormal state of motility.

The ileum,

however, showed an abnormally increased activity at the end of an
hour.

Waters (1936) analyzed two thousand four hundred and thirty•

one (2,431) cases in which anaesthesia had been produced by ether
and found that sixteen and one-half (16½) percent of those developed
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distention due to the ether.
Goodman

&

These were all abdominal oases.

Gilman (1941) state that during surgical anaes-

thesia with ether and for varying periods afterwards• the tone
and motility of the gastro-intestinal tract are considerably
inhibited.

They believe that the gastro-intestinal atony which

follows abdominal operations in 'Which ether is the anaesthetic
is in part due to the ether alone.
Waters (1936) made a study of five thousand eight hundred
eighty-nine (5.889) anaesthesia cases in which cyclopropane had
been used.

These were also abdominal oases.

In thirteen and

one-half (13½) percent of these cases distention developed as
a result of the oyclopropane.
Bisgard & Johnson (1939) showed that oyclopropane in dogs
caused an increase in the tone and activity of the stomach and
an increase in tone and a decrease in the activity of the ileum.
In four {4) patients in surgical anaesthesia with oyolopropane.
they found an increase in the tone and rhythmic contractions of
the gastro-intestinal tract, but a definite inhibition of peristalsis.

By three (3) hours after the return o'f consciousness,

the tone had decreased to a subnormal level and then had returned
to normal.

The same. authors also made both experiaental and clinical
studies of nitrous oxide and oxygen, and intravenous evipal.
They found that in two (2) dogs who received eight-tenths (0.8}
grams evipal intravenously, there was an immediate reduction of

tone in the stomach, ileum, and colon.

The activity of the
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stomach and colon was entirely abolished.

In the ileum the

rhythmic contractions continued with a diminution of amplitude,
while peristalsis was entirely abolished.

As soon as conscious-

ness was regained gastro-intestinal tone and motility returned to
normal.

In two (2) clinical cases evipal was used intravenously

in a dose of nine-tenths (0.9) gm.

As soon as consciousness was

lost there was a reduction of tone and a total abolition of motor
activity of the intestine.

This returned to normal, however, as

soon as consciousness was regained.
Two (2) dogs were anaesthetized with nitrous oxide and oxygen.
Throughout the period of anaesthesia, intestinal tone and activity
were greatly and irregularly increased.

With discontinuance of

the nitrous oxide, there was a complete inhibition of motor
activity which lasted over an hour, end which was still subnormal
atter three (3) hours.

The same thing occurred in two (2) clinical

cases of nitrous oxide and oxygen anaesthesia which were studied.
The authors conclude that these changes probably represented the
pressure factors exerted upon the bowel by the rigidity of the
muscles and the deep breathing.
The above described anaesthetic agents do ·Bhow a definite
effect in producing an inhibition of gastro-intestinal tone and
motility, and are in part responsible for some of the late and
immediate post-operative symptoms of nausea, vomiting, distention
and gas pains.

Bisgard

&

Johnson belieYe that there is a close

correlation between the degree to which activity is inhibited and
thefrequenoy, duration, and severity of the gastro-intestinal
disfunction.
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Plant & Miller (1926) showed the effects of these anaesthetic agents to be peripheral because they got the same results
in both the normal and denervated intestine.
A summary of the probably mechanism of paralytic ileus

will now be given and an attempt nade to correlate the importance
of the three (3) theories present with the general underlying
clinical conditions.
In all clinical cases which involve peritoneal ~rritation,
whether it is traumatic, bacterial infection, or chemical irritation, the primary mechanism producing paralytic jleus is a reflex
inhibition of intestinal activity mediated through the splanchnic
nerves.

As the distention of the intestine develops there is

the added factor of iapairment of blood supply with its dama.ge
to the bowel wall, which acts as a secondary factor in the mechanism and sets up a vicious cycle.

From the work done on anaesthetic

agents it seems that if cyclopropane, ether, evipal, or nitrous
oxide and oxygen are used as the anaesthetic in abdominal operations, there will result a certain amount of intestinal paresis
from the anaesthetic alone.

This alone will seldom produce a

case of paralytic ileus but in conjunction lfith the reflex
inhibition its importance as a mechanism cannot be overlooked.
In the clinical cases which fall under the group ef vascular
changes in the bowel -n.ll, the primary mechanisa is not one of a
reflex inhibition.

The most important of these cases involve

those of a mechanical obstruction of ileus.

Here there is no

i mmediate cessation of intestinal motor activity, as is evidenced
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by the colicky type of abdominal pain which is so characteristic.
The intestinal contents cannot get by the obstruction so distention follows.

When this happens, the blood supply is impaired

from pressure upon the intestinal vessels, and a certain amount
of damage is sustained to the bowel wall.

This is what leads to

intestinal paresis which is often a later complication of mechanical obstruction.
The same mechanism is also primary in clinical cases involTing extra-mural compression of the mesenteric vessels from any
cause or from cases of mesenteric thrombosis.
The cases involving extra-peritoneal irritation from any
cause probably have the same mechanism in the production of
paralytic ileus as those involving peritoneal irritation.

The

reflex inhibition is primary, and followed by the secondary
mechanism of distention.
one is used, plays a part.

Here again the anaesthetic involved, if
The same is apparently true in those

neurogenic cases, such as injuries and diseases of the spinal cord,
lee.d poisoning, and fractures of the lower ribs.
In the toxic extra-abdominal cases which are sometimes com-

plicated by a paralytic ileus, such as pneumonia, uremia,
empyema and systemic infection, the primary mechanism in the
production of the ileus is apparently one of direct damage to
the intestinal wall from the circulating toxins.

There seems to

be no evidence that in these cases there is a primary reflex
inhibition of intestinal motor activity.

The distention which

occurs in these cases will also act as a secondary mechanism to
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set up a vicious cycle and further aggrava.te the ileus.
In order to properly discuss the treatment of a patient
with

paralytic ileus the effects of the condition must be

presented.

These effects will now be taken up using again

experiaental and clinical evidence.
The effects of paralytic ileus upon the patient may be very
damaging if they are not corrected by adequate therapy.
effects may be divided into two (2) main groups.

These

They are the

iilllllediate effects of prolonged and exces sive vomiting., and the
later effects dependent upon distention of the intestine.

The

effects of vomiting will be considered first.
One of the major symptoms of paralytic ileus is vomiting.,
especially of all ingested fluids.

This vomiting., if not pre•

vented., will soon lead to a state of dehydration 'Which if not
corrected will be fatal.
Atchley

&

Mciver

&

Gamble (1928)

Benedict (1927) established the fact of dehydra-

tion in cases of paralytic ileus which followed excessive
vomiting and inability to ingest fluids., by determination of the
serum protein percentage., the hematocrit ., and hemoglobin values.

The production of dehydration per se., from excessive vomiting
from any reason., is a very well established fact.
Another effect of the vomiting., which is even more severe
than the dehydration., is the electrolyte imbalance and the
consequent changes in blood chemistry which develops.
&

Dragstedt

Ellis (1930) did some experimental work upon the effects of the

loss of gastric juice.

The dogs they used were prepared in such

a way that the gastric juice could be collected without leakage.
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They showed that a continued loss of gastric juice produced
not only dehydration but the following changes in blood
chemistry.

There was a decrease in the blood chlorides from

three hundred (300) to one hundred eight (108) mgs. percent.
The carbon dioxide combining power "W8.s CCllsequently increased
from forty-five (45) to one hundred forty (140) mgs. percent.
This caused a change in the pH value of the blood to seven and
seventy-five hundreths (7.75).

Wangensteen (1942) also points

out that when gastric juice is lost as in pyloric obstruction.
there is a greaterloss of chloride ion than of the sodium cation.
This is dependent upon the acid nature of the gastric secretions.
As a result of this excessive chloride loss. an alka.losis develops

with an increase in plasma bicarbonate.

A further effect here

is an oliguria which leads to retention of the non-protein nitrogen products in the Blood.

Dragstedt

&

Ellis (1930) found as a

terminal change in the experiments described an increase in the
non-protein nitrogen.

They further showed that the gastric

secretions will continue to have a high free and total acidity
even when the blood chlorides have been reduced to less than
one-third (l/3) or their normal 'V8.lue.
If the digestive juices which are lost are alkaline in nature.
as occurs in diarrhea. then the above condition is reversed and
an acidosis develops.

If the juices -which are lost contain about

an equal amount of sodium and chloride. as occurs in obstruction
of the upper reaches or the duodenum. then neither an acidosis
or an alkalosis will develop.
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Atchley & Benedict (1927) found the following results of
electrolyte distribution in one patient and two dogs with
intestinal obstruction.

The blood findings were a decrease in

chlorides, a decrease in total base, an increase in the blood
carbonates or carbon dioxide combining power, and dehydration.
The loss of chlorides being due to the loss of BCl and HCl in
the vomitus.

Stout (1943) gives the effects of emesis as follows:

first, there develops a condition of dehydration both from the
vomiting and from the defecient absorption of the inactive bowel;
next, there develops a hypochloremia due to the loss of chlorides
in the vomitus; this is followed by an increase in the carbon
dioxide combining power of the blood; and lastly, there develops
a disturbance in the acid base balance toward the basic side.
Of course, whether or not a condition of acidosis or al.lcalosis
develops depends upon the relative amounts of sodium and chloride
lost.

Peters (1941) in a study of the electrolyte balances in

obstruction of the gastrointestinal tract gives similar findings
as those of Stout, and explains his findings upon the same basis.
The character,sources, and effects of distention will now be

•

considered.

Hibbard (1936) me.de a complete qualitative analysis

of the gases occurring in association with experimental obstruction
and paralytic ileus in dogs.
1.

Nitrogen -- 7Cf/o

2.

Carbon Dioxide --

3.

Oxygen -- 10-12%

The following are the results:

6-9%

,
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4.

Hydrogen -- 1% or less

5.

Methane -- 1% or less

6.

Gases of the volatine basic group -- 0.5-5%

7. ~Hydrogen Sulphide -- l-lo%, with marked increase occurring
a.f'ter death.
The type of diet fed in these cases had little or no effect upon
the ultimate quality or quantity of the gas present.

Hibbard

also records the qualitative gas analysis in clinical cases of
paralytic ileus to be essentially the same as the above findings
experimentally•
Mciver, Benedict

&

Cline (1926) give similar results in the

gas analysis from post-operative cases of paralytic ileus.

They

found the carbon dioxide level to approximate that of venous
blood.

The nitrogen level was consistently aro1.md eighty (80)

per cent, and oxygen, methane, and hydrogen were all low, being
around two (2) percent.

He likewise showed that when sixty '(60)

to ninety (90) cc. of air were introduced into the cat's stomach,
vigorous peristaltic waves were innuediately set up, and the air
v.ras driven into the intestine.
Wangensteen (1942) gives the following results of gas analysis in four clinical cases of paralytic ileus following peritonitis:
Percenta~e
Nitrogen Oxygen Carbon dioxide

Hydrogen

Methane

Hyd. Sulf.

l.

74

9.2

7.7

1.2

7.7

2.

71.6

4.4

10.6

6.6

6.2

3.

64.6

8.o

11.8

6.3

4.

80.4

10.0

5.6

0.3

1.0

8.4
3.7
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Thus it is seen that there is consistantly a very high percentage of nitrogen in these cases.

The source of the various gases entering into distention is
probably varied.
ities:

Hibbard (1936) gives three (3) likely possibil-

first, it is the result of decomposition of the intestinal

contents, either through chemical and enzymatic decomposition or
through bacterial fermentation and putrefaction; second. it is the
result of diffusion of the gases from the blood stream into the
intestinal lunen; third, it is the result of the passage of atmospheric air from the stomach into the intestine, the air reaching
the stomach by swallowing.

He estimates that seventy-two (72)

percent of this gas is swallowed air which has reached the intestine,
and eighteen (18) percent is formed within the body.

Of this

latter amount seventy (70) percent is due to diffusion of gases
from the blood stream, and the remaining thirty (30) percent is
the result of decomposition of the intestinal contents.
Wange.nsteen

&

Rea (1939) made an experimental study on eleven

(11) dogs to determine the significance of the swallowed air factor
in distention.

A cervical esophagostomy

(2) stage operation.

1'8.S

established by a two

In the first stage the esophagus was divided

and the two (2) ends brought out through the skin.

These dogs were

then kept alive for a period of four (4) weeks by feedings into
the distal end of the divided esophagus.

Following this period,

the dogs were starved for twenty-four (24) hours, and the terminal
ileum

'WB.S

obstructed operatively.

On completion of this procedure,

33.

the distal end of the divided esophagus was carefully inverted.
The dogs were maintained until death by the administration of
fi:rteen hundred (1,500) cc. of normal saline in two (2) divided
/doses subcutaneously.

They e.lso received twenty (20) cc. of ten

(10) percent glycine intra-muscularly, and one hundred (100) cc.
of five (5) percent dextrose and one (1) ounce of cod liver oil
per rectum.

The latter were retained poorly.

At autopsy the

absence or presence of distention was noted, and the amount of
gas and fluid present in the intestine was measured.

Some control

animals were run having only the ileal obstruction.
The longest period of survival in the control dogs was five
(5) days, while the average period of survival in the other µogs
was thirty-six (36) days.
these dogs at autopsy

118.S

The amount of gas in the intestine in
not excessive, and in only two (2) cases

did it amount to over one hundred seventy-five (175) cc.
was no appreciable amount of fluid present in any case.

There
Apparently

the exclusion of swallowed air will present an appreciate distention in cases of mechanical obstruction, even though there is no
external outlet to the gas present in the intestine.

The same is

obviously true in cases which might develop a paralytic ileus, since
the prevention of distention removes one of the main factors in
the development of a paralytic ileus.
Thus it can be concluded that the min cause of distention
of the bowel is paralytic ileus is from gas, this gas being chiefly
nitrogen and due in greatast measure to swallowed air.
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Fine, Hurwitz

&

Mark (1940) studied the plasma levels in patients

showing distention.

They showed that patients with distention of

the small intestine, whether of functional or of mechanical origin,
show a considerable loss in the volume of circulating plasma.

As

this plasma volume decreases, the hematocrit level of the blood
rises in proportion.

The extent of the plasma loss is generally

proportional to the degree of gaseous distention present, whether
estill!l.ted by an x-ray film or by physioal examination.

These

authors made their clinical studies on patients having both mechanical obstruction with distention and paralytic ileus with distention,
and state that their findings are in accord with experimental
evidence.

Gendel

&

Fine (1939) showed that dogs having an intes-

tinal obstruction died more rapidly if they showed distention than
if they did not.

They showed that distention of the intestine

causes an early and progressive loss of plasma.

The average loss

as measured in cases of experimental distention was thirty-six and
four-tenths (36.4) percent within four (4) to six (6) hours, and
fi:f'ty-five (55) percent within twenty-four (24) hours.

This loss

equals a three and one-tenth (3.1) percent loss in body weight.
Of this amount not more than seven tenths (0.7) percent is due to
dehydration.

If strangulation is added to this there is a much

more rapid and extensive loss of plasma.

They state that the

mechanism by which the plasma loss occurs is not clear.
&

Fine, Fuchs

Gendel (1940) did some experimental work on dogs concerning the

effects of intestinal distention and plasma loss.

In seven (7) dogs
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they isolated closed loops and produced an intra-enteric pressure
of twenty (20) cm. of water.

The measured plasma loss was thirty-

five (35) percent within four (4) hours.

It came to fifty-five

(55) percent shortly before death within twenty-four (24) hours.
They then showed that decompression by suction, after the intestine
had been distended for four (4) hours reduced the plasma loss to
within eighteen and seven-tenths (18.7) percent of normal by the
end of thirteen (13) hours.

Partial decompression by spontaneous

deflation gave similar results although they were less striking.
The above authors state that in a given patient at a given
time, resistance to the effects of distention will vary in accordance
with the state of the safety factors.

That is, regurgitation,

relaxation of the bowel wall, absorption via the blood, and relaxation of the abdominal wall.

This loss of blood plasma as occurs

in distention of the bowel in cases of mechanical or paralytic
ileus is a reversable change which can be brought about by decompression of the intestine.

If the decompression is not accomplished.,

then the plasma loss will continue and the patient will ultimately
die.
Herrin

&

Meek (1933) working experimentally upon the effect

of distention regarding intestinal secretion, showed by distending
pouches with eighty (80) mm. of mercury they could obtain as much
as five hundred and fifty (550) cc. in pouches only twenty (20) cm.
in length.

They state that "distention is a strong stimulus to

intestinal secretion, and in ileus this nay work in a vicious cycle."
They believe that this increase may be brought about in two (2) ways.
One (1) is b~ a nervous reflex mechanism where, as a result of
increased activity following distention, glandular secretion is
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increased by stimulation through Auerbach's plexus.

The other

is by an increase in capillary permeability incident to stasis of
the blood which occurs in cases of distention.
Another highly important effect of intestinal distention is
the effect upon the rate of blood flow both to and from the intestine.

The resulting effects of change in intestinal blood flow

will then be taken up.
G'atch, Trusler&: Ayers (1927) made an experimental study of
the rate of blood flow through isolated loops of bowel in dogs,
under various degrees of gas pressure.

Their results are listed

in the following chart:
Blood flow
in cc./min.
2

0

50

100

150

200

150

100

50

0

cm. of H20
This proportionate decrease in the volume blood flow ceases when
the gas pressure within the intestine exceeds the blood pressure.
The residual flow is apparently by way of the anastomotic vessels
in the mesenteric border of the intestine.

Thus circulatory stasis

may develop from gaseous distention alone, and the rate at which it
develops depends upon the degree of distention and the rate at which
it occurs.
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Lawson

Chumley (1940) made a similar study.

&

They used

barbitalized dogs and isolated loops of jejunum six (6) to twelve
(12) cm. long.

They measw-ed the arterial flow into the loop by

means of differential manometry.

These isolated loops were distended

with air through an inlying tube. or distended directly with water.
No pressures greater than sixty (60) mm. Hg. were studied, since
it is doubtful if the intra-enteric pressure ever goes above forty
(40) mm. Hg. in clinical or experimental ileus.
as follows:

Their results are

the blood flow was reduced at the moment of inflation.

and the greatest reduction occured within ten (10) seconds af'ter
the inflation was complete.

There was some tendency to recover

the control rate of flow as the distention rr essw-e remained
constant.

The rate of recovery was rapid at first and then became

slower, but did not reach the control level.

Upon deflation there

was a sudden increase in the blood flow over the control levels.
There was a period of hyperemia of the intestinal wall which lasted
for six (6) minutes following deflation.
became normal.

The blood flow then

In another experiment these authors prevented

actual distention of the loop by enclosing it in a pl&ster cast.
The effect of increased intra-enteric pressure was a decrease in
blood flow with no tendency to recover the normal level.
upon decompression. there was no period of hyperemia.

Also

In still

another experiment, they injected a local anaesthetic into the bowel
wall and noted effects of increased pressure in the bowel to be
the same as when it was enclosed in the plaster cast.
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The explanation of these results is that with distention of
the intestine there is a mechanism which tends to keep the blood
flow through the intestine from becoming static.

This mechanism

is probably stretching of the bowel wall.which sets up a vasodilitation through the intrinsic nerves, resulting in local circulatory compensation for the added resistance to the blood flow.
This was abolished when distention was prevented or the intrinsic
nerves were anaesthetized.

The other mechanism for compensation

of the impaired blood flow is through anastomotic vessels.
Dragstedt, Long

&

Millet (1929) studied the effects of intes-

tinal distention on the blood flow in loops of duodenum, loYTer
jejunum, ileum, and colon in dogs.

Canulas were inserted into

the main draining vein of these loops, and the lumen of the loops
connected to a pressure bottle.

They found that increasing the

distention caused increasing impairment of the venous return in
all instances, but that impairment of the circulation was greatest
in the duodenum and least in the colon.

They found a residual

flow of varying amounts, no Illltter how high they raised the intraenteric pressure.

This they attribute to the anastomotic vessels.

As the distention is prolonged, the flow through these anastomotic
vessles is increased until it becomes quite equal to the original
flow.

The variation noted upon the blood flow in the different

parts of the intestine is probably due to the variation in the distribution of the blood vessels in the intestinai 'Wall.
There are three (3) possible avenues for the absorption of
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material from the intestine.

These are by way of the mesenteric

veins, by way of the lymphatics, or transperitoneally.

Sperling

(1938) showed that with increasing pressure of distention there
was a decrease in the amount of water absorbed from the intestine.
These experiments were carried out on normal dogs.

It was found

that at a pressure in the intestine of forty (40) cm. of water
there developed a decrease in the amount of water absorbed.
is a pressure at which circulation begins to be impaired.

This
As the

distention increases, the amount of absorption decreased in porportion.

They showed that loops of normal bowel will absorb about

ninety (90) percent of the water necessary £0 fill them.

Ge.tch,

Owen & Trusler (1932) in studies of the effect of distention on

mesenteric absorption showed that distention of the intestine by
a pressure higher than the diastolic blood pressure prevents any
appreciable absorption by way of the mesenteric veins.

These

studies were made on dogs by injecting sodium cyanide into the
intestine and then subjecting the intestine to distention.
Sperling

&

Wangensteen (1936) conducted some experiments upon

the absorption of strychnine from the intestine of cats.

Their

results showed that the absorption of strychnine through the
mesentery is very rapid.

It took, on the average, three (3) minutes.

However, if these loops were subjected to distention, the absorption
was prolonged and at pressures above the diastolic blood pressure
of the animal, mesenteric absorption was prevented entirely.
Sperling & Wangcensteen (1935) made an experimental study of
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the effects of distention of the intestine upon lymphatic absorption.
Dyes were injected into the intestine and then observed in the
regional nodes.

Under the influence of distention the dye was

seen in the regional nodes of ten (10) but of twelve (12) dogs.
Control animals showed practically no lymphatic absorption of the
dyes.

Thus it appears that there is a correlation between the

degree of distention and the occurrence of lymphatic absorption.
Similar findings were observed using Bacillius prodigiosis.

These

results are in accord with the physiologic principle that increase
of venous pressure enhances lymphatic flow.
The question of transperitoneal absorption occurring in cases
of paralytic ileus with resulting distention is thought to be quite
important as a cause of death.

The wall of the normal bowel is

not permeable to the passage of any material into the peritoneal
cavity.

Sperling & Wangensteen (1935) showed experimentally that

increased intraintestinal pressure due to distention. whether occurring in mechanical or paralytic ileus. is directly responsible for
any transperitoneal absorption which might occur.

Because of the

increased introenteric pressure the bowel 1'19.ll becomes damaged.
its viability impaired and diffusion of toxic material into the
peritoneal cavity my occur.

Any pathological changes which develop

in the wall of the intestine are secondary to the effect of this
increased pressure upon the circulation.

Van Zwalenberg (1932)

explains the pathologic changes on the basis of anoxemia resulting
from impaired circulation.

He showed that stasis of the blood
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results in a decreased oxygen supply which gives an increasing
possibility for the development of infection, gangrene, necrosis,
and finally perforation.
Sperling (1938) conducted experiments to determine what grade
of sustained intra-enteric pressure was necessary to produce pathologic changes in the intestinal wall.

Closed ileal loops subjected

to a constant pressure of ten (10) om. of water for twenty-eight
(28) hours showed congestion of the bowel with petechial hemorrhages
on the antimesenterio border.

Viability was not impaired, nor

could any transperitoneal absorption be demonstrated. Loops subjected
to sustained pressures of twenty-(20) cm. of -water for twenty (20)
hours showed congestion of the entire wall with hemorrhagic infarcts along the antimesenteric border, and areas of early necrosis
which were clearly permeable to potassiwn ferrocyanide.
A pressure of forty (40) cm. of water lead to gangrene and
necrosis within seventeen (17) hours.

Abnormal permeability could

never be demonstrated through viable areas of intestine.
Dack

&

Haerem,

Dragstedt (1938) found similar results using toxin from

the Clostridium Botulinum.

They report that devitalization of the

bowel greatly facilitates transperitoneal ~bsorption.
to Gatch, Owen

&

According

Trusler (1932) transperitoneal absorption of toxic

material may occur in cases of distention where there is not actual
necrosis of the bowel wall, but where only a local anemia is present,
resulting from the distention.

Wangensteen (1942) believes that it

is the increased permeability occurring as a result of intestinal
distention which is the cause of death in at least part of such cases.
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In a case of paralytic ileus many changes develop in the
patient.

In SUIJID8.rizing, there first develops a state of dehy-

dration and eloctrolyte loss following the vomiting which occurs
iillll.ediately.

This fluid loss is aggravated by the increased

secretion of intestinal juices which occurs as a result of the
distention, and also the decreased venous absorption of those
juices.

Also a loss in the amount of plasa develops as a result

of the distention, which if allowed to continue and become severe
enough, will lead to a state of hypoproteinemia and shock.

Since

a venous stasis develops because of the distention of the intestine,
pathological changes take place in the bowel wall.

If these changes

become severe enough there is a loss of viability and ultimately
transperitoneal absorption ma.y occur.

If this does occur it is

exceedingly dangerous because of the toxic and septic material
which will reach the peritoneal cavity and which may be a very
important cause of death.
It is not likely that any increase in lymphatic absorption
which develops will be of very much danger to the patient.
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In a discussion of the treatment of a patient with paralytic
ileus there are three distinct factors tooonsider.

One is the

treatment of the underlying etiology causing the paralytic ileus,
the second is the treatment of the effects produced by the paralytic
ileus, and the third is the treatment of the inactive bowel.

All

of these factors must be treated if possible.
Regarding the treatment of the underlying etiology, not much
will be said here because such treatment involves all the therapew;ic
measures which can be used in treating any condition which falls in
the outline of causes of paralytic ileus given earlier.

This trea~-

ment is not to be overlooked, hm,ever, because as long as the underlying condition is present, the paralytic ileus may be present.
In some cases of ileus the underlying cause may be obscure or may
never be known.

In the rest of the cases it will be obvious and

should receive a good deal of attention and treatment.

In treating the effects of the paralytic ileus, the first
thing to be done is to combat the dehydration and electrolyte loss
and imbalance which develops.
all food and water by mouth.

Stout (1943) recommend:s witholding
The fluids, in t he form of physiologi-

cal saline, should be administered by the intravenous route if
possible, or if not, should be given by hypodermoclysis.

He gives

the following prescription for the replacement of essential
chemicals lost through vomiting or by drainage of the gastrointestinal tract:

44.

~• vel cc.
Sodium
Sodium
Sodium
Casein
Water

chloride
bromide
bicarbonate
hydrolysate

6.0
4.0

5.0
60.0
500.0

This should be given every two (2) hours intravenously.

The sodium

bromide serves as a basic sedative, the casein hydrolysate helps
to maintain a normal serum protein level, e.nd the other constituents
replace the chemicals and fluids lost.
Ochsner (1935) recommends the administration of intravenous
normal sline solution as needed to combat dehydration.

Peters

(1941) says that since the loss of a liter of any body secretion
amounts to the loss of a liter of normal salt solution, normal
saline should be administered to keep up the fluid and salt balance
in patients with paralytic ileus.

Mciver and Gamble (1928) kept

experimental animals suffering from a fluid and electrolyte loss
alive indefinitely by the sub-cutaneous administration of sufficient emounts of physiological saline.
The amount of fluids to be given will vary with each individual
case, and should be enough to successfully combat the dehydration
and electrolyte loss as determined by the clinical condition of the
patient, the blood hematocrit, and, if possible, blood chemistry
findings.

Other fluids besides normal saline can be given which

include Ringer's, Lock's and Hartman's solutions, or five (5)
percent glucose in normal saline.

The important point is to combat

the dehydration and electrolyte loss.
The importance of this has been brought out by a study made
by Ylhipple (1941).

He showed that the mortality from cases of
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paralytic ileus in the Presbyterian Hospital of New York has been
reduced from sixty-six (66) percent in the period of 1916 to 1919,
to twenty-eight and four-tenths (28.4) percent in the period of
1932 to 1935.

He attributes this to the result of restoring the

fuild and electrolyte balance and keeping it at a normal level.
He says that these results are in accord with those generally
found in other clinics throughout the country.
The studies of Fine and his co-workers emphasized the importance of plasma loss in cases of paralytic ileus in which a marked
distention had developed.

They showed that thirty-six (36) percent

of the circulating plasma was lost within si:x (6) hours a.f'ter distention had developed in experimental dogs.
loss may lead to death if not corrected.

They also showed this

Since this loss of plasma

is a reversable change if the distention is relieved, then some
method of decompressing the gastro-intestinal tract will prevent
excessive plasma loss.

However, until this can be affected it

seems quite evident that the intravenous administration of human
plasma is very important in order to immediately replace the plasma
already lost.

Gendel

&

Fine (1939) state that the replacement of

the lost plasma is equally important as decompression, and that it
is probably more important than the intravenous administration of
fuilds and electrolytes.

The amount to be · administered to a given

patient will vary with the extent of the plasma loss.
be determined by the hematocrit value of the blood.

This can best
One hundred

(100) cc. of plasma are required for each degree the hematocrit is
above normal.

All patients who show extensive plasma loss, as

determined by their clinical appearance and by the hematocrit value
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of the blood, should receive in treatment plasma given intravenously.
The other effects of distention which have been discussed
can best be treated by relief of the distention.

Relief of the

distention also entails a treatment of the inactive bowel.

It is

this treatment of the inactive bowel which is of primary importance
in the treatment of any patient suffering from paralytic ileus.
For this reason, the greatest emphasis in discussing the treatment
of a patient of paralytic ileus will be placed upon treatment of
the inactive bowel.
It was shown earlier in this paper that the primary mechanism
in most cases of paralytic ileus was a reflex inhibition of intestinal tone and motility mediated through the splanchnic nerves.
Upon this basis, chemical section of the splanchnic nerves by local .
anaesthetic agents has been recomnended as a method to restore
normal bowel activity.

Alvarez {1929) states that treatment of

paralytic ileus by means of splanchnic or spinal anaesthesia ia
good therapy.

Novikov (1940) records the treatment of seventy-six

(76) cases of obstruction by right or lef't lumbar block, using
fifty (50) to one hundred (100) cc. of a one-fourth{¼) percent
solution of novocaine.

Forty-six (46) of the patients were cured

by this therapy alone.

He further says that the patients with

paralytic ileus do not require surgery since a distrubance of innervation is responsible for the ileus.

He recommends lumbar block

over spinal anaesthesia since there is the possibility of undesirable
complications in the latter procedure.

Ochsner, Gage

&

Cutting

{1930) gave good experimental evidence as to the value of splanchnic
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and spinal anaesthesia for the relief of paralytic ileus produced
as a result of peritonitis.

They say that theoretically the block

may be aimed at the muscle cell itself, the intrinsic nervous
system, or the extrinsic nerve supply.

Anaesthesia of the

splanchnics must be done where the white rami leave the spinal
cord, or where the nerves enter into the formation of the semilunar or splanchnic plexuses.

They prefer splanchnic anaesthesia

over spinal anaesthesia since in spinal anaesthesia not all the
pathways of the reflex arc are cut out.
the same procedure are Markowitz
Gage

&

&

Other workers advocating

Campbell (1927) and Ochsner,

Cutting (1928).

Because of the ease with which a spinal anaesthetic may be
administered, it is probably preferable to splanchinc anaesthesia
or lumbar block in the treatment of these cases.

However, depend-

ing upon the skill of the operator, any of the above three (3)
•

may be used with gratifying results.

The time to carry out this

procedure is before a severe distention develops and there is
resulting damage to the intestine wall.

If the case of paralytic

ileus to be treated is clearly the result of a reflex inhibition,
then spinal or splanchnic anaesthesia may be expected to give
good results.

It should be given as soon as the diagnosis is

made, and repeated if necessary.

If no response is forthcoming

after one (1) or two (2) attempts, this method should be discontinued in favor of some other type of therapy.
Anoxher method of promoting peristaltic activity in the
inactive bowel of paralytic ileus is through the use of certain
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drugs.

Among these the inhibitors of cholinesterase he.ve been

used quite widely. _ The principle behind the use of these drugs
is to maintain acetylcholine at the nerve endings of the vagus
and so promote active peristalsis.
Levis & .Axelman (1936) report the use of prostigm.ine in
eighty-eight (88) cases of abdominal surgery.

One (1) cc. of a

one to four thousand (1:4000) solution was given hypodermically
every four (4) hours beginning on the day of surgery, and continuing for two (2) or three (3) days thereafter.

They report that

in all cases distention and gas pains were reduced to a negligible

minimum.

In all cases a fairly vigorous peristaltic activity was

re-established within twenty-four (24) hours.

In another series

of cases in which this drug was not used, sixty (60) to seventyfive (75) percent of the patients developed quite severe distention
and gas pains.

They further state the.t prostigmine has a pronounced

effect upon the smooth muscles, a very slight miotic effect, and
practically no cardiac effects.

Harger

&

Wilkey (1938) studied

the value of the use of prostigmine in one hundred seventy-five
(175) cases of paralytic ileus and distention complicating
abdominal surgery.

The study was made at the Cook County Hospital

over a period of three (3) months.

A dilution of one to four

thousand (l:4000) solution of prostigmine methyl sulfate was
given subcutaneously in the dose of one (1) cc. every four (4) to
six (6) hours.

The medication was started pre-operatively in some

cases and given only post-operatively in most of the cases.
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Medication was continued until relief was obtained.

Relief of

the paralytic ileus was obtained in all cases usually within three
(3) to four (4) days.

In no case were there any complaints of

excessive abdominal cramps and no hyper-peristalsis was noted.
These authors report that prostigmine has a wide margin of safety,
and has been given every two (2) hours to patients with no demonstrable side effects.
Aeschlimann

&

Reinert (1931) reported some pharmacological

facts about prostigmine and physostigmine.

Physostigmine in a

dilution of one to four thousand (l:4000) often stopped a frog's
heart in diastole, while prostigmine in the same dilution had no
effect except to produce a slight decrease in the amplitude of
contractions.

They found that the dose of prostigmine up to one-

tenth (0.1) mg. per Kg. had no effect upon the blood pressure.
and that this doee was much higher than that required to produce
peristalsis.

An extreme dilution of prostigmine, one to five

million (1:5,000,000), was found to still cause contraction of
the isolated rabbit intestine.

In doses approaching toxicity,

prostigmine and physostigm.ine have similar effects.
Regarding physostigmine. Martin

&

Weiss (1925) tried to find

the dose necessary to relieve those cases in which simple methods
of treatment failed.

They report an average dose of four (4) mg.

as the optimum amount of the drug, and had excellent results in
sixteen (16) cases of non-toxic paralytic ileus following laparotomy,
surgical shook or injury to the central nervous system.

They
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recommend the drug to be given intramuscularly and to be repeated
within an hour if the condition of the patient warrants it.
Guthrie

&

Bargen (1936), on the other hand, found physostigmine

to be inconsistant in action, and that if enough was given to
produce the desired effects, too many undesirable side effects
were produced such as weakness, dizziness and narked pallor.
Contrary to this is the work of Ochsner, Gage

&

Cutting (1930)

who report that physostigmine is the best of all the drugs to use.
Acetyl-B-Methylcholine and choline have likewise been used
in the relief of paralytic ileus.

Their action, however, is

directly upon the end organ in the intestinal muscle.

Abbott (1933)

used acetyl-B-methylcholine in fourteen (14) cases of post-operative
paralytic ileus.
relief.

In only nine (9) cases was there any symptomatic

The dose used was four hundred (400) mg. orally.

They

have shown that when the drug is given orally, the stimulating
effects upon the intestine are maximal, while the side effects
are minimal.
Hartman

&

Dock (1927) found that the intravenous administra-

tion of choline caused a return of peristalsis in cases of paralytic
ileus.

Choline hydrochloride is used clinically in the dose of

six hundred (600) mg. per sixty (60) Kg.

Wolf

&

Chaney (1926)

report the successful use of choline in four (4) cases of paralytic
ileus.

They showed that the effect of the drug is fleeting, however,

and that the rate of administration should be determined by the
blood pressure of the patient.
Since pitressin is a stimulator of smooth muscle, its use has
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long been employed in the treatment of cases of paralytic ileus.
Guthrie

&

Bargen (1936) demonstrated that pitressin stimulated

powerful contractions of the terminal ileum within three (3)
minutes of its administration in a one (1) cc. dose.
lasted close to an hour.
the colon.

The action

The action was practically the same in

They found it to be quite consistant and regular in

its action.

Bisgard

&

Johnson (1939) studied the effects of

pitressin both on the dog and in man.

In man, they used ten (10)

minims to one (1) cc. subcutaneously.

In three (3) oases there

occurred an increased frequency and amplitude of contractions
with no increase in tone.

After a brief lessening of tone and

activity, both were greatly increased in the ileum.
of action was twenty (20) minutes.

The duration

In dogs, pitressin caused only

an increase in tone of the small intestine.

Frazier (1937)

reports the use of pitressin for the relief of paralytic ileus
in ninety-four (94) patients.

Twenty-four (24) patients were

given one-half(½) to one (1) cc. every four hours, post-operatively.
Seventeen (17) of the patients had no symptoms, four (4) developed
distention, and three (3) developed gas pains.

In sixty-six (66)

patients with distention, fifty-eight (58) were cured and nine (9)
showed no improvement.
peritonitis.

Fifteen (15) of the cases had a widespread

Of these,ten (10) recovered and five (5) died.

those that died the distention was improved in three (3).

Of

In only

three (3) cases did severe reactions develop, and these were
transient.
Morphine has long been used in all surgical cases post-operatively
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for the relief of pain, and according to Wilen

&

Dragstedt (1931)

it used to be given with the idea of putting the intestine at
rest to prevent the spreading of infection.

These authors pro-

duced a peritonitis in ten (10) dogs by injecting a fecal emulsion
and recorded the intestinal motility through a Thiery-Vella
fistula.

In all cases the subcutaneous administration of ten (10)

mg. of morphine produced an augmentation of intestinal activity.
In observations on four (4) clinical cases of peritonitis, they
found that the administration of morphine caused an increase in
intestinal motility as determined by auscultation of the abdomen
before and after administration.

Plant

&

Miller (1926) studied

the action of morphine, both clinically and experimentally, and
found that it caused an increase in tone and an increase in the
frequency and amplitude of intestinal contractions.

Abbott&

Perdergrass (1936) conducted some experiments upon ambulatory ward
patients.

They used both intra-intestinal balloon studies, and

observations by x-ray after giving a barium meal.

The dose of

morphine given varied from one-sixth (1/6) to one-half(½) gr.
They found that in the intestine as a whole there occurred a long
delay in the emptying time.

There was an initial rapid downward

flow of duodenal and high jejunal contents followed by a marked
prolongation of emptying time.

Bisgard & Johnson (1939) showed

that following the administration of sixteen (16) mg. of morphine
subcutaneously to six (6) patients, there was a marked increase
in the tone of the intestine.

The stomach showed an increase in

the frequency and amplitude of peristaltic waves while there
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a diminution in the amplitude of the waves in the sim.11 bowel.
The effect occurred within five (5) minutes af'ter administration,
and after thirty (30) minutes, intestinal activity returned slowly
to normal.
Paine

&

Wang,ensteen (1933) studied the effects of morphine

on fifty-one (51) cases of abdominal surgery consisting of
cholecystectomy, appendectomy, and herniotomy.
different dosages.

They used two (2)

The low dosage was one-sixth (1/6) gr. given

twice a day for two (2) days, and the high dose was one-fourth(¼)
gr. given three (3) times a day for three (3) days.

They found

that the optimum dose to control pain was midway between the low
and high dose.

Distention, ,nausea, vomiting and gas pains occurred

independent of morphine.

Distention of a moderate and severe

degree occurred more often with the high dose of morphine.

They

concluded that apparently morphine neither relieves nor prevents
distention.
Another method used for the relief of paralytic ileus which
has met with considerable success is the intravenous administration
of hypertonic solutions of sodium chloride.

Ochsner, Gage

&

Cutting

(1933) mention that, clinically, chlorides have been administered
intravenously in physiological solutions to combat dehydration and
hypochloremia.

They found, experimentally, that such solutions

caused a slight increase in intestinal activity.

The mechanism

of action is unknown, but these authors showed that it probably
was directly on the muscle itself, since section of the vagi and
splanohnics did not cause any variation in the response.

It does
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not work where there is impairment of the blood supply as occurs
following prolonged distention.

Experimentally they used a

twenty (20) percent solution in both open and closed abdominal
animals.

Two and one-half (2½) cc. per Kg. were used in the open

abdominal and one and seventeen-hundreths (1.17) cc. per Kg.
were used in the closed abdominal experiments.

In the open

abdominal cases they found a marked increased activity of the
intestine in ninety-seven and three-tenths (97.3) percent of
the cases, and in the closed abdominal cases an increase in
ninety-four and seven-tenths (94.7) percent.

The tone of the

intestine as measured by a manometer was sixty-one (61) mm. of
mercury in the former, and sixteen (16) mm. of mercury in the
latter.

The open abdominal cases showed an increase in the

amplitude eight (8) times greater than in the closed cases.

The

duration of action was the same in both series of cases, and was
seventeen and one-half (17.5) minutes.

It was also found that

hypertonic Ringer's solution was more effective than hypertonic
sodium chloride solution.

These authors report good success in

using this therapy in clinical cases of paralytic ileus.

They

recommend ten (10) to fifteen (16) cc. of a twenty (20) percent
Ringer's solution administered at the rate of one (1) cc. per
minute,

The dose may be repeated every eight (8) hours if

necessary.
Ross (1926) in working on this problem experimentally using
dogs, found that eight (8) cc. of a thirty (30) percent saline
solution given intravenously caused an increase of tone and
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peristalsis.

He then raised the pressure in the intestine to

ninety-two (92) mm. of mercury, and found that peristalsis continued.

Hughson

&

Scarf (1924) conducted experiments on cats to

determine the efficiency of hypertonic saline to stimulate peris-.e.1sis in the face of a constant pressure of distention.

They found

that if the blood supply were not impaired, there resulted a
marked increase in peristaltic activity, and a marked rise in tone.
The duration of action was close to an hour.

Section of the vagi

and splanchnics, and local anaesthesia with novocaine did not
alter this action.

The authors tried this treatment clinically

on two (2) cases of paralytic ileus not involving peritonitis
and obtained excellent results.

Ross (1926) reports three (3)

cases of paralytic ileus having a peritonitis in which he used
hypertonic saline, which were followed by complete recovery.
It would seem that there is a certain amount of local danger
of thrombosis in administering such strongly hypertonio solutions
intravenously, and extreme care must be taken in using this.

From

these reports it is apparent that it must be used early, before
the blood supply becomes very greatly impaired through distention,
if good results are to be obtained.
Hot stupes applied to the abdomen have long been used in
treating paralytic ileus with the idea that the heat in some way
caused a stimulation of peristaltic activity of the intestine.
Bisgard

&

Nye (1943) report some work they did on the effect of

head and cold upon intestinal motility.

They made continuous

kymographio recordings of gastro-intestinal activity, through
balloons placed in the stomach via the esophagus, in the ileum
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via the esophagus and ileostomy stomas, and the colon via colostomies.
All studies were made during a condition of fasting, and as soon
as a normal consistent tracing was obtained the abdominal wall
was covered with hot water bottles for thirty (30) minutes.

For

a period of fifteen (15) minutes there was no change noted, then
there followed a reduction both of the frequency and e.mplitude of
peristaltic contractions in the stomach and small bowel and a
diminished activity of the colon.

This effect lasted twenty (20)

to forty-five (45) minutes.
The abdominal wall was then covered with ice bags for thirty
(30) minutes.
minutes.

Again no change was noted for about fifteen (15)

Following this period, there developed a marked increase

of motor activity in all the segments of the intestine which lasted
from twenty (20) to fifty (50) minutes.

They made repeated and

alternate applications of hot and cold, and obtained the original
response consistently.
Six (6) ounces of hot water administered orally caused a
marked motor response of the entire gastro-intestinal tract arter
a period varying from five (5) to fifteen (15) minutes.

The same

amount of iced water given orally had a slight inhibitory effect
u~on the stomach and small intestine which lasted from ten (10) to
thirty (30) minutes.

The colon was not affected.

From this work, it seems apparent that if thermal agents are
to be used in the treatment of paralytic ileus, external cold
applications, or hot water given orally would be most effective
in promoting intestinal peristalsis.

Certainly heat to the abdomen
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would be contra-indicated because of its inhibitory action.
It was shown previously that nitrogen is the major constituent
of the gases causing distention in cases of paralytic ileus and
is due largely to swallowed air.

Congdon

&

Burgess (1939) showed

that the inhalation of almost pure oxygen reduces the nitrogen
content of alv~olar air to such an extent that nitrogen will pass
from the blood plasma into the alveolae.

This,in turn, causes

nitrogen to pass into the blood from any place in the body where
it might be trapped.

Therefore in cases of paralytic ileus with

distention, the inhalation of almost pure oxygen will accelerate
the diffusion of nitrogen from the distended bowel into the blood
stream where it will ultimately be lost from the body by way of
the lungs.
The~e authors used oxygen clinically in cases of distention
using ninety-five (95) to ninety-eight (98) percent oxygen in the
closed box technique.

This technique permits the carbon dioxide

level to be kept constantly at thirty (30) percent or lower.
was used on forty (40) cases.
decrease in the distention.

This

Twenty-five (25) showed a definite
Five (5) showed only questionable

results, and ten (10) showed no improvement.

The authors list the

causes of failure as extreme restlessness, a defect in the apparatus,
or failure to maintain the oxygen level high enough.

They also

advise one (1) hour of rest af'ter the continuous administration of
oxygen over a period of twelve (12) hours.

They believe that this

method should be used only as a last resort.
Fine, Banks

&

Hermanson (1936) report the use of ninety-five
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(95) percent oxygen inhalations in five (5) cases suffering from
severe distention.

In all cases relief was obtained within

twenty-four (24) hours.

These men showed experimentally that af'ter

the inhalation of pure oxygen for twenty-four (24) hours the
volume of nitrogen originally injected in the small bowel,
obstructed at the pyloris and ileo-cecal valve, was reduced sixtytwo (62) percent.

These authors likewise state that this therapy

should not be employed except as a last resort.
From these reports this method .o f treatment does seem to be
of some value in decompressing the intestine.
Probably one of the most effective ways devised ~o obtain
decompression of the intestine developed within recent years, is
the use of the inlying duodenal tube and the use of the MillerAbbot tube.

With either of these m~thods, large amounts of gas

and fluids nay be aspirated from the distended intestine, giving
almost miraculous relief to the patient.

Wangensteen (1942) says

that in using the inlying duodenal tube, the stomach, duodenum,
and upper jejunum are emptied right away.

He says that all patients

with paralytic ileus and post-operative distention have been treated
in this way at the University of Minnesota Hospitals for over an
eleven (11) year period and no patient yet has required surgery
for its relief.
Bisga.rd, Matson

&

Hirschmann (1942) state that the Miller-

Abbotttube will pass do'Wll the intestine of a patient with paralytic
ileus just as readily as it will pass down the intestine of a
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normal patient.

They believe that as s 0 on as the distention begins

to be relieved, normal activity is at once restored to the bowel.
Miller & Abbott(l934) published a description of their tube.
It is a rubber tube with an outside diameter of six (6) mm. having
a double lumen with a partition one (1) mm. thick.
feet in length.

It is six (6)

At the distal end of the tube connected to one

of the lumen is a collapsable rubber bag which can be inflated
and deflated.

The other lumen contains many perforations distally

-which is used for aspiration and injection.

There is a metal

c~psule at the distal end which, they say, favors entry into the
duodenum.

They state that the rate of progress of the tube, onee

it has passed the pyloric sphincter, and the bag has been inflated
is five (5) sm. every ten (10) minutes.

At this rate it takes

about six (6) hours for the tube to pass one hundred fifty (150)
cm. down the intestine •
Abbott & Johnson (1938) state that the Miller-Abbott tube will
readily pass down the bowel of a patient with paralytic ileus by
inflating the balloon to stimulate peristalsis.

Gas and fluid may

be aspirated from the entire length of the small intestine by the
application of constant suction as the tube advances.

Stout (1943)

advises, in treatment, the use of a duodenal tube with constant
suction to bring about decompression of the intestine.

The advis-

ability of decompression by means of a duodenal tube or a MillerAbbotttube is further advocated by Ochsner

&

Gage (1933).

Abbott

(1941) states that the use of the Miller-A.bbotttube will facilitate
•
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regurgitation and make possible the caudal expulation of gases
in cases of paralytic ileus.

Whipple (1941) reports three hundred

eleven (311) cases of paralytic ileus treated with the Miller-Abbott
tube.

Of these, two hundred forty-eight (248) were successfully

intubated with a mortality of nine and seven-tenths (9.7) percent.
Of the total number of cases there was a mortality of thirteen
and five-tenths (13.5) percent.

Nelson & Whipple (1941) state

that during the past two (2) years the mortality of a series of
one hundred ninety-three (193) cases of paralytic ileus was six
and five-tenths (6.5) percent when treated with the Miller-Abbott
tube.

The only other means of therapy was the restoration of

fluid and electrolyte balance.

This is compared to a mortality

of thirty (30) percent in the period 1932-1937 they observed, in
which the inlying duodenal tube was used in addition to the
restoration of the fluid and electrolyte balance.
The desirability of decompression of the intestine in cases
of paralytic ileus is apparent when the effects of the distention
are considered.

In the first place, the distention furthers or

aggravates the condition of intestinal inactivity.

It also

produces a fluid and electrolyte loss in that the intestinal
secretions which are secreted in greater amounts are no longer
absorbed.

It causes a plasma loss which may lead to shock and

death if not corrected.

Finally, distention will eventually lead

to the impa irment of the viability of the intestine through damage
to the blood supply.

Therefore as early as the distention can be

relieved the sooner will the patient recover.
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Based upon the mechanism of the production of paralytic

\

ileus as brought out previously, the rationale of treatment of
a patient suffering from this condition will now be given.
As a prophylactic measure it would seem wise to avoid the

use of cyclopropane, ether, nitrous oxide or evipal as the
anaesthetic agent, since these anaesthetics have been shown to
cause a certain amount of bowel inactivity.

Once the condition

of paralytic ileus has become established it is imperative to
treat the underlying etiology or pre-disposing cause because it
has been shown that paralytic ileus is never primary, but always
secondary, to some underlying condition.

The method of treatment

will depend upon the etiological factor of which there are a great

many.

Threatment of the effects of the paralytic ileus would

involve the restoration of the fluid and electrolyte balance by
the administration of intravenous solutions, such as physiological
saline, Ringer's, or Hartman's solutions.

It is quite imperative

to restore the plasma leTel to normal and this . can be done very
effectively by intravenous plasma infusions.

The amount given

should be judged on the basis of the hematocrit level of the blood
or the red blood count and hemoglobin readings.

The other effects

of paralytic ileu~ dependent upon the associated distention.are
best treated by treatment of the inactive bowel.

Of the various

methods given for this previously, probably the best is a combination of one of the cholinergic drugs and some method of decompression.

Because of the difficulty of passing a Miller-Abbotttube

in any pati:ent, suction through an inlying duodenal tube or through
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a Wangensteen tube placed in the stomach will suffice.

Relief

of the distention will relieve the stretching of the bowel -wall
and thus render it more susceptible to normal activity. and one
of the cholinergic drugs will further stimulate peristalsis.

If

it is possible to pass a Miller-Abbotttube without too much
difficulty, it is undoubtedly the one best method of decompressing
the intestine.

It would seem that the use of high concentration

of oxygen inhalations, spinal or splanchnic anaesthesia, and
intravenous phyertonic saline should be tried only if the other
measures fail to bring relief of the condition.

If any thermal

compresses are to be applied to the abdominal 119.ll, ice packs
should be used because of their value in stimulating intestinal
motility.

Morphine for the relief of pain is not contra-indicated.

If none of the above methods bring about a relief of the paralytic ileus, then it is necessary to resort to surgical decompression
of the bowel.

Hunt (1927) says that decompression may be accomplished

by either an enterostomy or a cecostomy.

He prefers a cecostomy

because the maximal dilitation is usually in the cecum and ascending
colon.
A. method of prophylactic treatment, although not within the

scope of this paper, which is undoubtedly of extreme value is the
prevention of distention by continuous suction on a Wangensteen
tube placed in the stomach pre-operatively or iJlllllediately post-operatively.

In this manner the air which is s"W8.llowed into the stomach

will never reach the intestine.

As -was pointed out previously,
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swallowed air contributes approximately seventy-five (75) percent
of the gas causing the distention.

If this gas is immediately

aspirated, the chances of distention developing are very slight.
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